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Objective This study aims to compare completion rates and reproducibility of
myocardial performance index (MPI) using conventional spectral Doppler versus tissue
Doppler in an unselected high-risk third trimester population.
Study Design This was a prospective cross-sectional study of high-risk pregnancies at
28 þ 0 weeks’ gestation. Conventional spectral and tissue Doppler MPI of the left
ventricle (LV) and right ventricle (RV) was attempted on all patients.
Results Seventy-nine pregnancies were evaluated. LV tissue Doppler MPI was completed more frequently than LV conventional spectral Doppler MPI (63/79, 79.7% vs.
45/79, 55.7%), p-value <0.01. RV tissue Doppler MPI was completed more frequently
than RV conventional spectral Doppler MPI (68/79, 86% vs. 42/79, 53.2%), p-value
<0.01. In obese subjects (n ¼ 50) LV tissue Doppler MPI was completed more
frequently than LV conventional spectral Doppler MPI (37/50, 74% vs. 26/50, 52%),
p-value <0.01. RV tissue Doppler MPI was completed more frequently than RV
conventional spectral Doppler MPI (40/50, 80% vs. 25/50, 50%), p-value <0.01.
intraclass correlation coefﬁcient for all modalities ranged between 0.73 and 0.93,
except for LV conventional spectral Doppler intraobserver variability which was 0.22.
Conclusion Tissue Doppler had statistically higher completion rates than conventional spectral Doppler, including the obese subgroup, with evidence of strong reproducibility in the third trimester.

Many maternal and fetal conditions are known to compromise
fetal cardiac function during gestation. Maternal uncontrolled
diabetes, hypertensive disorders in pregnancy, fetal infections,
anemia, and congenital malformations are associated with fetal
cardiomyopathy.1–4 Fetal cardiac dysfunction has also been
shown to be an early sign of compromise in fetal growth
restriction5 and these cardiac changes may persist after delivery

and potentially contribute to long-term adult cardiovascular
disease.6
The evaluation of fetal cardiac function by ultrasound
has been extensively studied, and several modalities currently exist for the assessment of the fetal heart. Subjective
assessment of cardiac contractility is typically followed by
objective evaluation. Systolic function can be measured
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diabetes controlled with medication, intrauterine growth
restriction (deﬁned as sonographic estimated fetal weight of
10th percentile or abdominal circumference 5th percentile), congenital fetal cardiac anomalies, major extracardiac
fetal anomalies, or maternal obesity, deﬁned with a BMI of
greater than or equal to 30 kg/m2. Patients were excluded if
they had multiple gestations, were low risk by the criteria listed
above, or declined to participate.

Ultrasound Examination
Ultrasound examinations were performed between February and August 2016, using the General Electric Voluson E8
or E10 ultrasound systems (GE Healthcare, Wauwatosa, WI),
with a 4 to 8-MHz curvilinear transabdominal transducer. A
full fetal echocardiogram was ﬁrst performed and an attempt
was made to obtain conventional spectral and TDI measurements of right and left ventricle MPI on every subject.
Conventional spectral and TDI MPI measurements were
obtained in the following fashion:

Conventional Spectral Doppler—MPI of Left Ventricle
An apical or basal ﬁve-chamber view of the fetal heart was
obtained. A Doppler sample volume size of 2 to 4 mm was
used.13 Doppler tracings were obtained by placing the sample
volume within the left ventricle between the aortic and mitral
valves allowing simultaneous recording of the left ventricular
inﬂow (mitral valve) and outﬂow (aortic valve). Doppler gain
was adjusted to make opening and closing valve clicks of the
aortic and mitral valves visible on the Doppler spectrum. Angle
of insonation was maintained at less than or equal to
30 degrees to the direction of blood ﬂow to optimize quality
of the Doppler tracing (►Fig. 1). Sweep speed was also
adjusted to optimize tracing quality. Angle correction was
used up to 30 degrees when required. Isovolumetric relaxation
time (IVRT), IVCT, and ET were measured using the beginning
of the valve click reﬂection as the landmark for measurement
of cardiac cycle intervals. The MPI of left ventricle was then
calculated by the formula: (IVRT þ IVCT)/ET.13

Conventional Spectral Doppler—MPI of Right Ventricle

Materials and Methods
This was a prospective cross-sectional study completed in
the Division of Maternal Fetal Medicine at Eastern Virginia
Medical School in Norfolk, Virginia. The institutional review
board approved the study (Eastern Virginia Medical School
IRB 10-10-EX-0244) and all patients gave written informed
consent.

Study Population
High-risk pregnant women were recruited into the study if
they were at least 28 weeks of gestation and had a singleton
pregnancy. Gestational age was conﬁrmed in the ﬁrst trimester
in all pregnancies using the American College of Obstetricians
and Gynecologists guidelines for pregnancy dating.12 High-risk
pregnancy for study inclusion was deﬁned by the presence of
one or more of the following: pregestational hypertension
currently on medication, pregestational diabetes, gestational
American Journal of Perinatology

Given that the right ventricular inﬂow and outﬂow are not in
same ultrasound plane, spectral Doppler tracings were
obtained from the tricuspid and pulmonary valves separately. Doppler tracing of the tricuspid valve was obtained in a
basal or apical four-chamber view and the pulmonary artery
Doppler waveform was obtained in the right ventricular
outﬂow tract view. The Doppler sample volume size was
kept between 2 and 4 mm and angle of insonation was
maintained at less than or equal to 30 degrees to the
direction of blood ﬂow.13 Angle correction was used up to
30 degrees when required. Sweep speed was also adjusted to
optimize tracing quality. Fetal heart rate was determined for
each of the two tracings. Tracings were used to calculate MPI
only if the difference in the heart rate was 5 bpm.7 Doppler
gain was adjusted so that valve clicks and ﬁlling and ejection
waves were clearly visible. Pulmonary valve ET was measured using the beginning of the valve click as the landmark
for measurement. The total IVT was calculated by subtracting

Downloaded by: University of Alabama at Birmingham. Copyrighted material.

using M-mode by calculating ejection fraction via axial
evaluation of the ventricular diameter, and by longitudinal
evaluation of annular plane excursion. Diastolic function
can be measured by evaluating annular velocities during the
cardiac cycle using tissue Doppler.7
Myocardial performance index (MPI) is a measure of
global fetal cardiac function.5 Its utility was ﬁrst described
by Tei et al in the adult population,8 and it has since been
applied to fetal cardiac assessment.9,10 The MPI is calculated
by obtaining measurements of cardiac cycle events using
Doppler waveforms. The inﬂow and outﬂow of a single
ventricle are recorded and time intervals of the cardiac
cycle are identiﬁed. Isovolumetric contraction time (IVCT)
and isovolumetric relaxation time comprise the total isovolumetric time (IVT) and MPI is calculated by dividing the
total IVT by the ejection time (ET) of the cardiac cycle
(MPI ¼ IVT/ET). This measure of cardiac function can be
obtained by conventional spectral Doppler, where blood
ﬂow velocimetric tracings are used to determine cardiac
cycle events. For example, a single tracing of ﬂow across the
mitral and aortic valves can be used for calculating MPI for
the left ventricle, or separate tracings of ﬂow across the
tricuspid and pulmonary valves can be used for calculating
MPI of the right ventricle. MPI can also be calculated by
applying spectral Doppler imaging to the myocardial tissue,
lateral to the atrioventricular valve annuli,11 and obtaining
waveforms of myocardial velocities, corresponding to the
events of the cardiac cycle. This is referred to as tissue
Doppler imaging (TDI).
To date, no studies have prospectively compared the
feasibility and reproducibility of MPI using conventional
spectral Doppler versus TDI in an unselected, high-risk, third
trimester population. The aim of this study is therefore to
assess the feasibility and reproducibility of MPI measurement of the left and right ventricle using the conventional
spectral Doppler and TDI approaches in an unselected highrisk third trimester population. We hypothesize that TDI is a
more feasible and reproducible method for MPI measurement in the third trimester of pregnancy.

Porche et al.
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the pulmonary valve ET from the time between tricuspid
valve ﬁlling waves. The MPI of the right ventricle was
calculated using the formula IVT/ET (►Fig. 2).

TDI—MPI of Right and Left Ventricle
An apical or basal four-chamber view was obtained and the
sample Doppler gate was placed over the lateral aspect of
the mitral or tricuspid valve annulus. The Doppler sample
volume size was kept between 2 and 6 mm and the angle of
insonation was kept at less than 30 degrees with no angle
correction applied in keeping with previously published
methods.11 The wall ﬁlter, pulse repetition frequency
(PRF), and Doppler gain were adjusted to allow capture of
myocardial motion without demonstration of intracardiac
blood ﬂow. Sweep speed was adjusted to optimize Doppler
tracing. Annular velocity waveforms were captured demonstrating a biphasic ﬁlling wave and monophasic ejection
wave (ET′). IVCT′ was measured as the interval between

the end of the a′ wave and the onset of the s′ wave. IVRT′
was measured as the interval between the end of the s′ wave
and the beginning of the e′ wave. ET′ was measured from the
onset to the ending of the s′ wave. Tissue Doppler MPI (MPI′)
was calculated using formula: MPI′ ¼ (IVCT′ þ IVRT′)/ET′
(►Fig. 3).
MPI measurements were performed on stored images of
spectral and tissue Doppler tracings. For each Doppler
spectrum (conventional spectral Doppler and TDI) MPI was
measured on three separate cardiac cycle waveforms, and the
average of the three measurements was used.
Study required criteria for successful completion of each
Doppler modality are listed in ►Table 1.

Reproducibility
A random sample of 30 patients was chosen from the study
population to assess inter and intraobserver variability. The
primary investigator (L.P.) re-measured MPI from stored

Fig. 2 (A, B) Conventional spectral Doppler acquisition of MPI of the right ventricle. Doppler gate is placed distal to the pulmonary valve and
apical to the tricuspid valve. On the resulting tracing, a ¼ ET and b ¼ time between RV ﬁlling waves. These time intervals are used to calculate MPI.
ET, ejection time; MPI, myocardial performance index.
American Journal of Perinatology

Downloaded by: University of Alabama at Birmingham. Copyrighted material.

Fig. 1 Conventional spectral Doppler acquisition of MPI of the left ventricle. Doppler gate is placed between the mitral and aortic valves in the
ﬁve-chamber view. Color Doppler can be applied to assist gate placement. On the resulting tracing, time intervals are shown where a ¼ IVC,
b ¼ ET, and c ¼ IVRT. ET, ejection time; IVCT, isovolumetric contraction time; IVRT, isovolumetric relaxation time.

Porche et al.

Fig. 3 Spectral tissue Doppler acquisition of MPI lateral to the mitral valve annulus for the left ventricle (A) and the tricuspid valve annulus for the
right ventricle (B). Color can be applied to assist in Doppler gate placement (as shown here) but is not required. On the resultant Doppler spectra,
time intervals are measured to calculate MPI′, where a ¼ IVCT′, b ¼ ET′, and c ¼ IVRT′. ET′, ejection time for TDI; IVCT′, isovolumetric contraction
time for TDI; IVRT′, isovolumetric relaxation time for TDI; MPI′, myocardial performance index for TDI. e′, early ﬁlling wave, a′, late ﬁlling wave, s′,
systolic ejection wave.

Table 1 Criteria for successful completion of Doppler techniques
Left spectral
MPI

Right spectral
MPI: tricuspid

Right spectral
MPI: pulmonary

Left tissue
Doppler MPI

Right tissue
Doppler MPI

View

Five-chamber
view

Apical or basal
four-chamber view

Right ventricular
outﬂow tract

Apical or basal
four-chamber view

Apical or basal
four-chamber view

Sample volume
location

Between mitral
and aortic valves

Distal to
tricuspid valve

Distal to
pulmonary valve

Lateral to mitral
valve annulus

Lateral to tricuspid
valve annulus

Sample gate size

2–4 mm

2–4 mm

2–4 mm

2–6 mm

2–6 mm

Angle of
insonation

<30 degrees
to blood ﬂow

<30 degrees to
blood ﬂow

<30 degrees to
blood ﬂow

<30 degrees
to annulus

<30 degrees
to annulus

Angle correction
used

<30 degrees

<30 degrees

<30 degrees

No

No

Tracing
characteristics

Valve clicks
well seen

Valve clicks and
interval between
RV ﬁlling well seen

Valve clicks
well seen

Cardiac cycle
intervals visible

Cardiac cycle
intervals visible

FHR within 5 bpm
Abbreviations: FHR, fetal heart rate; RV, right ventricle.

conventional spectral and Tissue Doppler waveforms at least
1 week from the time of original acquisition, using the study
measurement criteria. These data were used to calculate
intraobserver variability. A second investigator (E.S.) independently measured the conventional spectral and Tissue
Doppler waveforms, and these data were used to calculate
interobserver variability.

Safety
Attempt was made to limit total ultrasound exposure time to
less than 20 minutes in compliance with the As Low As
Reasonably Achievable principle.14 Doppler imaging was
American Journal of Perinatology

applied in bursts of 15 seconds or less with a total Doppler
exposure time of less than 2 minutes.

Outcomes
The study primary outcome was the rate of successful
completion of left and right ventricular MPI measurement
using conventional spectral and tissue Doppler approaches.
Secondary outcomes included the rate of successful completion of left and right ventricular MPI in a subset of obese
pregnant women and overall MPI intra and interobserver
agreement in repeated measurements using conventional
spectral and tissue Doppler methods.

Downloaded by: University of Alabama at Birmingham. Copyrighted material.
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Continuous variables were reported as mean  standard deviation (SD), or median with range depending on the data
distribution. Categorical data were expressed using frequencies
and percentages. McNemar’s test was used to compare proportions. Intraclass correlation coefﬁcients were used to evaluate correlation between repeated measures to assess intra and
inter-rater reliability. An intraclass correlation coefﬁcient (ICC)
value of 0.75 and above indicates an excellent reliability. Values
between 0.60 and 0.74 suggest good reliability, values between
0.40 and 0.59 reﬂect fair reliability, and those falling below 0.40
suggest poor agreement.15 Bland–Altman plots were used as
a secondary method to assess measurement reliability. A range
of agreement was deﬁned as bias  2 SD also known as the 95%
limit of agreements; a low bias value reﬂects adequate observer
reliability.16 Pearson correlation coefﬁcient was used to compare correlation of numerical MPI values between modalities
and laterality. A p-value of less than 0.05 and a 95% conﬁdence
interval not crossing 1 was considered signiﬁcant. All analyses
were conducted using SAS v9.4 (SAS Institute, Cary, NC) and
Microsoft Excel (Redmond, WA).

Table 2 Maternal and pregnancy characteristics of study
participants
Total cohort
n ¼ 79

Characteristics
Age (y)

28.5  6.4

Gravity

2 (0–9)

Parity

1 (1–6)

Gestational age

33 wk 6 d  23.9 d

Race
African American

45 (57)

White

32 (39.2)

Asian

1 (1.3)

Hispanic

1 (1.3)

Other

1 (1.3)

BMI (kg/m2)

34.7 (19.5–70.6)

Normal weight (<30)

27 (34)

Obese (30)

50 (63.3)

Obesity Class I (30–34.9)

19 (24.1)

Results

Obesity Class II (35–39.9)

12 (15.2)

Seventy-nine pregnancies met the study inclusion criteria
and were enrolled into the study. Patients’ demographics and
clinical characteristics are presented in ►Table 2.
Left ventricular conventional spectral Doppler MPI was
completed in 44/79 subjects (55.7%). Factors contributing to
failure included poor tracing quality with inability to identify
valve clicks due to ultrasound shadowing (29/35, 82.9%) and
suboptimal fetal positioning leading to failure to obtain adequate apical or basal or outﬂow tract view (26/35, 74.3%). Right
ventricular conventional spectral Doppler MPI was completed
in 42/79 subjects (53.2%). Factors contributing to failure were
discrepancy in fetal heart rate between tricuspid and pulmonary valve tracings of >5 bpm (28/37, 75.7%), acoustic shadowing (29/37, 78.4%), and inadequate fetal positioning leading
to failure to obtain adequate apical, basal, or outﬂow tract view
(28/37, 75.7%). Pearson correlation coefﬁcient comparing left
ventricle (LV) and right ventricle (RV) spectral Doppler MPI
values was 0.56.
Left ventricular tissue Doppler MPI was completed in 62/
79 subjects (78.4%). Factors contributing to failure were
acoustic shadowing (15/17, 88.2%) and inability to insonate
at less than 30 degrees due to fetal position (basal view not
obtained in 12/17, 70.6% and apical view not obtained in 7/
17, 41.2%). Right ventricular tissue Doppler MPI was completed in 67/79 subjects (84.8%). Factors contributing to
failure of completion were acoustic shadowing (9/12, 75%),
and inability to insonate at less than 30 degrees due to fetal
position (basal not obtained in 10/12, 83.3%, apical not
obtained in 4/12, 33.3%). Pearson correlation coefﬁcient
comparing LV and RV tissue Doppler MPI values was 0.22.
Tissue Doppler was completed more frequently than
conventional spectral Doppler for the left ventricle (78.4
vs. 55.7%, p < 0.01) and the right ventricle (84.8 vs. 53.2%,
p < 0.01). These values were statistically signiﬁcant (►Fig. 4).

Obesity Class III (40)

19 (24.1)

Pregnancy complication
Obesity

50 (63.3)

IUGR

32 (40.5)

Fetal cardiac anomaly

a

Diabetes

17 (21.5)
12 (17.7)

Chronic hypertension
b

5 (6.3)

Fetal extracardiac anomaly

4 (5.1)

Fetal anemia

1 (1.3)

a

Fetal cardiac defects included: atrial septal defect, ventricular septal
defect, tricuspid valve dysplasia with severe regurgitation, coarctation
of the aorta, Tetralogy of Fallot, myocardial hypetrophy.
b
Fetal extracardiac anomalies included: gastroschisis, omphalocele,
large facial vascular mass, renal anomalies, and spinal anomalies.

Fig. 4 Tissue Doppler was completed more frequently than spectral
Doppler for the right ventricle (84.8 vs. 53.2%, p < 0.01) and for the
left ventricle (78.4 vs. 55.7%, p < 0.01). This difference was statistically signiﬁcant.
American Journal of Perinatology
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Table 3 Doppler modality: intraobserver and interobserver
variability between repeated measures
Intraobserver
ICC

Interobserver
ICC

Right spectral
Doppler MPI

0.728
(0.477–0.869)

0.805
(0.628–0.902)

Right tissue
Doppler MPI

0.897
(0.782–0.953)

0.926
(0.854–0.964)

Left spectral
Doppler MPI

0.767
(0.529–0.893

0.224
(-0.132–0.529)

Left tissue
Doppler MPI

0.895
(0.775–0.953)

0.854
(0.719–0.927)

Abbreviations: ICC, interclass correlation coefﬁcient; MPI, myocardial
performance index.
Note: Data are given as interclass correlation coefﬁcient (95% conﬁdence interval).

Fifty obese subjects, deﬁned with BMI 30 kg/m2, were
identiﬁed for subanalysis. Left ventricular conventional spectral
Doppler was completed in 26/50 subjects (52%). Right ventricular conventional spectral Doppler was completed in 25/50
subjects (50%). Left ventricular tissue Doppler was completed in
37/50 subjects (74%), and right ventricular tissue Doppler was
completed in 40/50 subjects (80%). Tissue Doppler was completed more frequently than conventional spectral Doppler for
the left ventricle (74 vs. 52%, p < 0.01) and right ventricle (80 vs.
50%, p < 0.01) in the obese population (►Fig. 5).
Pearson correlation coefﬁcient comparing RV conventional spectral and tissue Doppler MPI values was 0.06. Pearson
correlation coefﬁcient comparing LV spectral and tissue
Doppler values was 0.02.

Table 4 Doppler modality bias

Intra and Interobserver Variability

signiﬁcance in the subanalysis of obese subjects. Intra and
interobserver variability was lower for TDI, suggesting that it
may be a more reliable method with which to evaluate global
fetal cardiac function by MPI.
Our study ﬁndings are in agreement with prior studies
that have compared conventional spectral Doppler and TDI
for the determination of fetal MPI. Bui et al retrospectively
obtained conventional spectral and tissue Doppler measurements of the right ventricle in normal fetuses and in fetuses
of diabetic mothers between 17 and 23 weeks. They determined that tissue Doppler was more sensitive and precise in
the detection of subtle changes in cardiac function. They also
noted a similar trend in decreased inter and intraobserver
variability with tissue Doppler.17 These ﬁndings are similar
to the ﬁndings in our prospective third trimester cohort.
Acharya et al retrospectively compared conventional spectral Doppler and TDI MPI values from the left and right
ventricle in fetuses at 18 to 41 weeks to assess correlation
and completion rates. They reported higher MPI completion
rates for all modalities (81–91%) with a trend toward higher
completion rates by conventional spectral Doppler.18 This
difference in trend is likely due to the retrospective nature
of their study, selecting only those cases on which MPI was
attempted. Also, maternal characteristics were not reported.

The intra and interobserver variability was evaluated using
ICCs. Intraobserver ICC for RV spectral Doppler was 0.728
(95% CI 0.477–0.869), for RV tissue Doppler was 0.897 (95% CI
0.782–0.953), for LV spectral Doppler was 0.767 (95% CI
0.529–0.893), and for LV tissue Doppler was 0.895 (95% CI
0.775–0.953). Strong interobserver ICC for right and left
tissue Doppler was noted with values of 0.926 (95% CI
0.852–0.964) and 0.854 (95% CI 0.719–0.927). Interobserver
ICC of RV spectral Doppler was 0.805 (95% CI 0.628–0.902).
Interobserver ICC for LV spectral Doppler was low at 0.224,
but this ﬁnding was not statistically signiﬁcant (95% CI
0.123–0.529) (►Table 3).
Bland–Altman analysis showed low bias for all modalities
ranging from 0.002 to 0.066. The majority of measurements
fell between the 95% limits of agreement suggesting satisfactory consistency between measures (►Table 4).

Discussion
This study found that MPI completion rates using TDI were
signiﬁcantly higher than MPI completion rates using spectral
Doppler blood ﬂow approach in a high-risk third trimester
pregnancy population. This trend also reached statistical
American Journal of Perinatology

Doppler
technique

Intraobserver
Bland–Altman bias

Interobserver
Bland–Altman bias

Right spectral
Doppler MPI

0.066
(0.239–0.107)

0.002
(0.176–0.173)

Right tissue
Doppler MPI

0.009
(0.118–0.100)

0.009
(0.083–0.100)

Left spectral
Doppler MPI

0.041
(0.160–0.077)

0.025
(0.255–0.205)

Left tissue
Doppler MPI

0.011
(0.143–0.122)

0.029
(–0.186–0.128)

Abbreviations: MPI, myocardial performance index.
Note: Data are given as bias (95% limit of agreement LOA).

Downloaded by: University of Alabama at Birmingham. Copyrighted material.

Fig. 5 Tissue Doppler was completed more frequently than spectral
Doppler in the obese population for the right ventricle (80 vs. 50%,
p < 0.01) and for the left ventricle (74 vs. 52%, p < 0.01). This
difference was statistically signiﬁcant.

Doppler
technique

Our ﬁnding of a slightly lower overall completion rate is likely
due to our prospective study design including unselected highrisk pregnant women in a clinical setting, with a high proportion of obese patients included. Acharya et al also looked at the
correlation coefﬁcients comparing conventional spectral and
TDI MPI values for the right and left ventricles. Their data did
not suggest strong correlation, or ability to interchange the
actual MPI values.18 Similar ﬁndings were noted in our study,
suggesting poor agreement when comparing MPI values between the RV and LV within modalities. This can be explained
by the fact that conventional spectral and TDI are evaluating
different measurements (blood ﬂow vs. myocardial motion). In
addition, the physiology of the right and left ventricles in the
fetus differs signiﬁcantly. Applicable to both of these comparisons, trends in the change in MPI in the setting of disease
states may be the same, but numerical values may not. For this
reason, speciﬁc reference ranges for each modality and for each
ventricle are important.
Conventional spectral Doppler, the traditional modality
originally applied to MPI calculation,9 presents some challenges. Discrepancy has been seen in left ventricular MPI
reference ranges published due to inconsistencies in methods
of measuring time intervals.19 Welsh et al also showed that
even expert varies greatly when classifying the suitability of a
tracing for evaluation.20 This proven variability in determining
adequacy for evaluation may explain our unexpectedly low
correlation coefﬁcient with reference to the interobserver
variability of left ventricular spectral Doppler MPI. The use
of automated MPI calculation programs has also been shown to
improve reproducibility when compared with manual calculation. Their use, while limited by availability, decreases
interobserver variability.20 Furthermore, the use of separate
tricuspid and pulmonary Doppler tracings for evaluation of
right ventricular MPI presents inherent technical difﬁculty in
acquisition of usable waveforms. Variation in fetal heart rate
greater than 5 bpm between the tricuspid and pulmonary
Doppler tracings renders them inadequate for evaluation. The
requirement of two distinct Doppler spectra for blood ﬂow
MPI of the right ventricle and the similarity in the fetal heart
rate renders this approach less feasible, especially with
increased fetal heart rate variability in the third trimester.
Programs for automation of the MPI measurement for the right
ventricle are also being developed.21
The direct assessment of cardiac time intervals using TDI
overcomes these challenges. Tissue Doppler has previously
been validated for use in the fetus and allows direct evaluation
of myocardial motion during the cardiac cycle.11 It has been
shown to be technically feasible22 with good reproducibility.23
Spectral TDI can be obtained on conventional obstetric ultrasound equipment by changing gain, PRF, and wall motion
settings. This obviates the need for specialized cardiac ultrasound equipment or sophisticated ofﬂine software analysis.
Placement of a single Doppler gate in acquisition of right
ventricular TDI for MPI measurement circumvents the need
for separate tracings of ventricular inﬂow and outﬂow with
similar fetal heart rate. Fetal position and ultrasound beam
penetration are some limiting factors in the use of this
modality. Traditionally, angle correction has not been used

Porche et al.

for the acquisition of TDI7 so that velocities can accurately be
obtained from the tracing. Since MPI only focuses on time
intervals and not velocities, the use of angle correction might
be considered. More investigation is warranted regarding this
issue. Due to the ability to apply this modality in a wide range
of clinical circumstances, training for the use of TDI should be
provided to physicians and sonographers involved in fetal
cardiovascular assessment in high-risk pregnancies.
Increasing percentages of the United States population are
classiﬁed as obese24 and over half of the pregnant women in
the United States were overweight or obese as of 2010.25 An
association between obesity and pregnancy complications
exists.26 Some of these complications may potentially impact
fetal cardiac structure and function.27 It has also been shown
that obesity itself is a risk factor for changes in fetal cardiac
function28 with increased isovolumetric times and MPI29
compared with fetuses of normal weight mothers. Given
these factors it is important to have a reliable method of
evaluating fetal cardiac function in pregnancies complicated
by maternal obesity. Our study supports the use of tissue
Doppler for MPI assessment in the obese gravida.
The limitations of this study include that a single author
with training in fetal cardiac function (L.P.) was the sole
collector of all research examinations. The second operator
assessing reliability (E.S.) also has extensive experience in
fetal cardiac function. Working within an ultrasound unit
with such experience in fetal cardiac assessment may limit
the applicability to centers with less training or experience.
The strengths of this study include the prospective nature of
our data collection with prestudy deﬁned criteria for acceptance of Doppler tracings for evaluation. This limits the subjectivity of our data interpretation. Our study high-risk population
was also diverse in maternal and fetal characteristics and
ultrasound imaging for data acquisition was performed in a
busy high-risk ultrasound unit using standard obstetric ultrasound equipment, showing that these studies can be completed
in most practices with the appropriate training. Our study was
limited to the third trimester, the time in which serial fetal
monitoring and management decisions are being made in the
majority of high-risk pregnancies. This shows that TDI can be
applied to a wide range of clinical scenarios and maternal
characteristics. More research is needed regarding correlation
of TDI MPI measurements and neonatal outcomes to create
guidelines that facilitate management decision.
In conclusion, our data show that MPI obtained by tissue
Doppler has a higher completion rate and lower inter and
intraobserver variability than conventional spectral Doppler
MPI in a high-risk third trimester cohort. This modality
should be considered for the assessment and monitoring of
fetal cardiac function in this population.
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